shows the effect of infusion for 2min with isoprenaline, glucagon, cyclic AMP and phenylephrine on the Na+-independent and Na+-dependent release of Ca2+ from subsequently isolated mitochondria. None of these treatments caused a significant change in the activity of Na+-independent Ca2+ eWux.
In contrast, isoprenaline, glucagon and cyclic AMP all caused activation of the Na+-dependent Ca2+ release from mitochondria, and to a comparable degree. Phenylephrine was without effect. These results indicate that activation of the Na+-dependent system for Ca2+ emux may be mediated by cyclic AMP. It has been reported that glucagon induces a decrease in the Ca2+ content of mitochondria (Foden & Randle, 1978; Taylor et al., 1980) and an inhibition of net uptake of 'jCa2+ into the mitochondrial fraction (Foden & Randle, 1978) . The glucagon-induced activation of Na+-dependent release of mitochondrial Ca2+, reported here, may provide a biochemical explanation of these observations. During lactation the mamary gland is active in the synthesis and secretion of components of milk, including lipid. Approx. 50% of the lipid required for milk production is synthesized in the gland (Williamson, 1980) . The high rate of lipogenesis is associated with high concentrations and catalytic activities of pyruvate dehydrogenase (EC 1.2.4.1) (Coore & Field, 1974) and acetyl-CoA carboxylase (EC 6.4.1.2) (Mackall & Lane, 1977; Munday & Williamson, 1982; McNeillie & Zammit, 1982) . Starvation (24 h) of lactating rats decreased the rate of lipogenesis in the mammary gland by 98%, and this can be reversed by refeeding with chow for 2.5h (Robinson et al., 1978; Munday & Williamson, 1981) . The changes in lipogenic rate parallel changes in activation state of pyruvate dehydrogenase (Baxter & Coore, 1978) and acetyl-CoA carboxylase (Munday & Williamson, 1982; McNeillie & Zammit, 1982) .
In the livers of starved (24 h) and fed lactating and virgin rats there is good correlation between the rates of esterification and the activities of the mitochondrial and microsomal isoenzymes of G P A T t (Zammit, 198 1) . In a lipogenically active and sensitive tissue such as the lactating mammary gland, one might expect high rates of esterification and GPAT activity which would be sensitive to the nutritional state of the animal. The present report describes the effects of refeeding chow to a starved (24h) lactating rat on the activities of GPAT in liver and mammary gland.
Lactating rats with nine or ten pups were used at peak lactation (10-14 days post purtum) after 24h starvation with pups. In some cases, streptozotocin (50mg/kg body wt.; solution in 0.01 M-sodium citrate, pH4.5) was injected into the tail vein 2.5 h before the experiments to induce short-term insulin ddcienay ( S h i n et al., 1971). The rats were anaesthetized with an intraperitoneal injection of sodium pentobarbital (60 mg/kg body wt.), and tissues were immediately excised, freeze-clamped, and ground to a fine powder under liquid N,. Frozen powder (100mg) was homogenized by hand in lml of IOmM-Tris/ HCl/ 192mM -mannitol/ 59 mM-sucrose/ 1 RIM-EDTA / 10 mMNaF, pH 7.4. After centrifuging in an Eppendorf centrifuge at 12000rev./min for 30s, GPAT activity was assayed in the * Present address: Department of Chemical Pathology, London t Abbreviation: GPAT, glycerol 3-phosphate acyltransferase (EC Hospital Medical College, Turner Street, London E l 2AD, U.K.
I. 15).
supernatant at bovine serum albumin concentrations of 1.75 and 6.0mg/ml as described by Sugden et al. (1980) . An albumin concentration of 1.75 mg/ml has been reported to be optimal for the microsomal enzyme, whereas 6.0mg/ml is optimal for the mitochondrial enzyme (Bates & Saggerson, 1977 , 1979 . For liver homogenates, GPAT activity assayed at 1.75mg of albumin/ml was 75% of that assayed at 6.0mg/ml (Table 1) . It is implied that the microsomal isoenzyme is catalytically less active on a protein basis than is the mitochondrial isoenzyme. A similar observation has been reported by Zammit (I98 I) for hepatic N-ethylmaleimideinsensitive (mitochondrial) and N-ethylmaleimide-sensitive (microsomal) isoenzyme activities.
In mammary-gland homogenates, GPAT activity assayed at 1.75mg of albumin/ml was 91% of that assayed at 6.0mg/ml. Thus the subcellular distribution of the enzyme in mammary gland seems to be similar to that in liver. The activity of both microsomal and mitochondria1 GPAT in mammary gland was approx. 5 times that of liver in homogenates of tissues from 24 h-starved lactating rats ( Table I) . Refeeding the starved lactating rats with normal chow diet for 2.5 h slightly increases hepatic GPAT activities (13% and 21% increases in activities were observed at 6.0 and 1.75 mg of albumin/ml respectively). However, chow refeeding had a more marked effect on mammary-gland GPAT which was significantly increased (43% 
(1 1)
VOl. 1 1 BIOCHEMICAL SOCIETY TRANSACTIONS at 1.75mg of albumin/ml and 55% at 6.0mg/ml) ( Table I) . Thus chow refeeding of 24 h-starved lactating rats re-activates the potential regulatory enzymes of lipogenesis in the mammary gland (pyruvate dehydrogenase and acetyl-CoA carboxylase) and also increases the activity of GPAT. Such parallel increases in enzyme activities will relieve the inhibition of the synthesis of triacylglycerols and facilitate the resumption of milk production by the gland, which declines after 24 h starvation. Insulin has been implicated in the short-term regulation of pyruvate dehydrogenase and acetyl-CoA carboxylase. It has also been shown that insulin is involved in the regulation of GPAT in liver (Bates & Saggerson, 1977 , 1979 et al., 1979) . However, the effects of chow refeeding on mammary-gland GPAT were observed even when short-term insulin deficiency (2.5 h) was induced by streptozotocin. Values for mammary-gland GPAT of 6.93 f 1.08 and 6.85 f 0.79nmol of glycerol 3-phosphate esterified/min per mg of protein (means & s.E.M., n = 6) were observed when assayed at 6.0 and 1.75 mg of albumin/ml respectively. This suggests that an increase in blood insulin concentration is not a prerequisite for the effects of chow refeeding on GPAT activity in mammary gland. It is possible that the increase in GPAT activity may be due to decreases in blood glucagon or adrenaline concentrations, since these hormones inactivate the enzyme in other tissues. Many studies have demonstrated a role for the autonomic nervous system in the control of insulin secretion (Woods & Porte, 1974; Smith et al., 1979; Bailey, 1980) . Electrical stimulation of the innervation of the pancreatic islets plus experiments in vivo and in vitro using neural agonists and antagonists indicate that insulin secretion is inhibited by sympathetic nerves and stimulated by parasympathetic nerves. Activation of the former appears to participate in the counterregulatory hyperglycaemic response to stress situations. The physiological significance of the parasympathetic islet innervation is less clear. This division of the autonomic nervous system together with the release of insulinotropic gastrointestinal hormones is believed to contribute to the insulinsecretory response to food ingestion (Creutzfeldt, 1979; Strubbe, 1982) . In the present study, plasma glucose and insulin responses to feeding were examined in lean and oblob mice conditioned over 4 weeks to restricted feeding periods. The conditioning procedure was selected as a convenient method to intensify the neuroendocrine reflexes triggered by feeding.
Homozygous lean (+/+) and genetically obese (oblob) mice from the Aston colony were reared and maintained as described previously (Flatt & Bailey, 1981; Bailey et al., 1982) and used at 20 weeks of age. The mice were conditioned to restricted feeding periods of 7 h (IO:00-17:00h) during week 1, 4 h (10:00-14:00h) during week 2, and 2h (10:00-12:00h) during weeks 3 and 4. On the last day of week 3, blood samples were taken from the cut tip of the tail immediately before and at the end of the 2 h feeding period. Food consumption during the feeding period was noted. On the last day of week 4, blood samples were taken at the same times, but food was completely withheld on this occasion. Control mice were starved for the same period as conditioned mice, and were treated identically with the conditioned mice on the day of the study. Plasma was separated for determination of glucose and insulin (Flatt & Bailey, 198 1) .
After 3-4 weeks of conditioned restricted feeding, basal plasma glucose concentrations were raised in conditioned lean mice but lowered in conditioned ob/ob mice, with normalization of glycaemia in oblob mice by 4 weeks. Basal plasma insulin concentrations were not significantly altered by the conditioning procedure. Conditioned mice consumed more food than did control mice during the feeding period. Although the amount of food was less than the normal 24 h intake, body weights were well maintained, suggesting adaptations of increased metabolic efficiency and/or reduced energy expenditure (Trayhurn et al., 1979; Coleman, 1982) .
After 3 weeks of conditioning, lean and ob/ob mice displayed a markedly enhanced plasma insulin response and a smaller plasma glucose response to the ingestion of food during the 2 h feeding period (Table I) . After a further week of conditioning, 
